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Abstract-The objective of this work was to estimate the genetic divergences 
in corn with forage potential in the southern region of Pará. Two 
competition trials of corn cultivars were installed, one under high nitrogen 
(150 kg ha'from N) and another under low N (0 kg ha'from N) applied in 
Cobertura, a crop 2020/21 in the State of Pará (8°18’32’’S, 
50°36’°58’’O,150 meters of altitude). The experimental design used in each 
assay was randomized blocks with three replicates and I1 maize cultivars, 
three varieties of open pollination, one single hybrid, seven double hybrids, 
and one triple hybrid. The following characteristics were analyzed: plant 
height (AP) in cm, the height of spike (AE), stem diameter (DC), spike 
diameter (DE), stem and leaf pasta (MCF), spike mass (ME),and full plant 
mass (MTP). For the analysis of genetic divergence, dissimilarities 
measures were used that were determined according to the multivariate 
analysis model, allowing the achievement of dissimilarities, residual 
covariances, and means of populations. Genetic divergence was evaluated 
by multivariate procedures with the generalized Mahalanobis distance, the 
Tocher optimization clustering method, and Singh's criterion to quantify 
the relative contribution of the seven characteristics. By estimating 
Mahalanobis distances, maize genotypes AG8088PRO2 X P33-16 showed 
a greater distance. The Tocher method was efficient in separating the 
groups. The characteristics of full plant mass and mass of stem and leaf 
were the ones that most contributed to genetic divergence. 
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I. INTRODUCTION 


The figures for full corn production in Brazil in 
2020/2021 crop reached 108 million tons, with a planted 
area of 19.5 million hectares, and average productivity of 
5,543 kg ha!, focusing on the second harvest, which full 
about 77% of grain production. Comparing these values 
with the 2019/2020 crop, there was an increase of 5.4% in 
full production [1]. 


The consumption of corn goes beyond domestic use, 
these products are used in the production of various foods, 
such as snacks, sweet popcorn, breakfast cereals, and 
children's foods, and the manufacture of loaves of bread or 
in the brewing and pharmaceutical industries and mining 
[4]. For animal consumption, corn demand in Brazil was 
52.0%, 30.4% for aviculture, 13.6% for pig farming, and 
8.0% for cattle [2]. 


Silage is a very old process used for the conservation 
of fodder, based on the fermentation of plant sugars and 
acidification (pH reduction), being one of the most used 
conservation methods in Brazil to ensure food supply 
during the dry season. Numerous forages can be used for 
this purpose, however, corn stands out due to highly 
desirable characteristics such as high productivity, low 
buffer power, high sugar content, and high energy content 
[5]. 

When the objective is to obtain good silage, it is 
indispensable to manage adequately in all stages, from 
planting to harvest. The use of nitrogen fertilizers is one of 
the indispensable stages of management and that requires a 
lot of care, as it is directly correlated with the high yield of 


the crop, especially in the case of grasses [6]. In addition, 
sieve aw 
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the choice of cultivar is one of the extremely important 
factors to be observed, because it is necessary to consider 
both agronomic characteristics and bromatological 
characteristics [7]. 


For the choice of cultivar, studies of genetic divergence 
involving corn crop have been used concerning seed 
quality in Santa Catarina [8], grain production in southern 
Brazil [9], grain production in Tocantins [10, 11, 12 and 
13], oil and protein content in Tocantins [14, 15 and 16], 
water stress in the Tocantins [17], forage production in the 
semi-arid [18], and grain production in Para [19 and 20]. 
However, there are few studies involving genetic 
divergence in corn aiming at the production of fodder in 
northern Brazil. 


Because of the above, the objective of this study was to 
evaluate the genetic divergence of eleven maize genotypes 
with forage potential in the municipality of Santa Maria of 
Barreira in the southern region of the State of Para. 


Il. MATERIAL AND METHODS 


Two competition trials of corn cultivars were installed 
at Sitio Vitoria (8°18'32" S, 50°36'58" O, and 150 meters 
of altitude), located in the municipality of Santa Maria das 
Barreiras-PA (Figure 1), one under low nitrogen, with O 
kg ha"! of N, and another under high nitrogen, with 150 kg 
ha'lof N, both in coverage. The doses were determined 
according to the lowest and highest expected productivity 
for the corn crop according to [21]. Sowing was carried 
out on November 14, 2020. 
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Fig.l. Location Map of Sítio Vitória, in the municipality of Santa Maria of Barreiras, State of Pará. 
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The region has a predominantly tropical climate 
according to Koppen as Aw, with rains in summer and a 
distinctly dry season in winter. The precipitation and 
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temperature data obtained over the conduction period of 
the experiment are presented in Figure 2. 
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Fig.2. Precipitation climatological averages, minimum temperature, and a maximum of the municipality of Santa Maria of 
Barreiras, Estado of the Pará in the year of 2019. 


Fonte: Climatempo [22]. 


The soil, representative of the study area, is of the 
sandy frank textural class, with very low phosphorus and 
calcium availability, low magnesium, and medium 


potassium, according to table 1 data from chemical and 
textural soil analysis. 


Table 1. Chemical attributes and soil granulometry were used in the first epoch of the experiment. Santa Maria of Barreiras- 




















Pará, 2018. 
pH Pmeh K S Cat? Mg Alt? -H+Al M.O. C.O. 
CaCl mg.dm” cmolc.dmº dag.kg"! % 
4.8 4.9 43 3.0 1.7 0.3 0.20 3.10 1.7 1.0 
SB CTCt V% Clay Silt Sandfull 
mg.dm? % 
2.11 5.21 40 9.0 15.0 5.0 80.0 





Two competition trials of corn cultivars were installed, 
one installed under low nitrogen, with 0 kg halof N, and 
the other under high nitrogen, with 150 kg ha`'of N, both 
in cover. The doses were determined according to the 
lowest and highest expected productivity for the corn crop 
according to [21]. 
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The experimental design used in each assay was 
randomized blocks with eleven treatments and three 
replications. The treatments consisted of maize cultivars, 
three varieties of open pollination, a single hybrid, seven 
double hybrids, and a triple hybrid, whose characteristics 
are found in Table 2. 
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Table 2. Agronomic characteristics of corn cultivars used in the experiment. 








Nomecomercial Base Transgenia Ciclo Finalidade Nível 
AG1051 HD C SMP G/MV/SPI M/A 
AG8088PRO2 HS PRO2 P G/SPI A 
ANHEMBI PPA C P G/SPI B/M 
BRS 3046 HT C SMP MV M/A 
M274 HD C P G/SPI B/M 
PR 27D28 HD C SP G/SPI B/M 
P33-16* HD M 
P33-11* HD M 
P29-M12* HD M 
P36-19* HD M 
P40-8* HD M 





HS: Simple hybrid; HD: Double hybrid; HT: Triple hybrid; PRO2: Technology VT PRO 2™; C: Conventional; P: 
Precocious; SMP: Semiprecocious; SP: Superprecocious; G: Grain; MV: Green corn; SPI: Silage of the whole plant; A: 


High; M: Medium and B: Low; * Experimental genotypes. 


The experimental plot consisted of 4 rows of 5.0 m 
long with the spacing of 0.9 m between rows, being 
considered the two central rows as useful areas. 


Sowing was performed in a groove with a depth of 
approximately 0.04 m, soon after seedling emergence, 
thinning was performed to obtain the spacing of 0.20 m 
between plants, and a final population of 55,555 plants ha” 
£ 

The cultural and phytosanitary control treatments of 
diseases, pests, and weeds were carried out according to 
the technical recommendations of the crop [23]. 


For soil preparation, a gradation was used followed by 
the leveling of the area. Pre-planting fertilization was 
calculated according to the levels obtained throughsoil 
analysis [23], 300 kg ha! of formulated 5-25-15 (N-P205- 
K20) + 0.5% Zn was applied. 


The cover fertilization was performed with 150 kg ha” 
'from N in the trial High N. The source used was urea 
(45% from N), totaling 333.33 kg halurea, it was divided 
into two stages, the first in stage V4 and the second in stage 
Vsl21]. 


The harvest was carried out in the two central rows, 
during the period when the plant was in the R5 (hard 
farinaceous) stage, due to the period in which the driest 
matter accumulates in the plant [23]. 


The following characteristics were analyzed: plant 
height (AP) in cm, ear height (AE) in cm, stem diameter 
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(DC) in mm, ear diameter (DE) in mm, stem mass and leaf 
(MCF) in g, ear mass (ME) in g, and full plant mass 
(MTP) in g. 


For the analysis of genetic divergence, measures of 
dissimilarities were used that were determined according 
to the multivariate analysis model, allowing the obtaining 
of dissimilarities, residual covariances, and means of 
populations. 


For group formation, using together with the data from 
high and low N, the grouping method by Optimization of 
Tocher [24], whose calculations were based on the 
Generalized Mahalanobis Distance [25], and the Singh 
criterion [26] were applied. to quantify the relative 
contribution of the seven traits evaluated in genetic 
divergence. 


Statistical analyses the 


Computational Genes program [27]. 


were performed using 


HI. RESULTS AND DISCUSSION 


The measures of genetic dissimilarity, estimated from 
the Mahalanobis distance (Table 3), presented a high 
magnitude (31.13 to 688.29), indicating the presence of 
genetic variability among genotypes. [13] found 
magnitude (D?= 4.8 to 79.2), [16] found a magnitude of D? 
from0.4 to 328.7 and [12] found magnitude (D?= 4.0 to 
644.6) in corn crop. 
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Table 3. Estimation of Mahalanobis distances (D1?) maximum and a minimum of maize genotypes. 














Bigger Minor 
Genotype 

Distance D? Genotype Distance D? Genotype 
BRS 3046 271.34 (AG8088PRO2) 31.13 (P33-11) 
M 274 371.82 (AG8088PRO2) 44.22 (BRS 3046) 
AG8088PRO2 688.29 (P33-16) 115.49 (P36-19) 
ANHEMBI 388.74 (PR 27D28) 32.68 (P29-M12) 
PR 27D28 614.82 (P33-16) 181.03 (P36-19) 
AG1051 530.12 (AG8088PRO2) 50.17 (M 274) 
P33-16 688.29 (AG8088PRO2) 37.49 (P40-8) 
P33-11 404.8 (AG8088PRO2) 31.13 (BRS 3046) 
P29-M12 515.34 (PR 27D28) 32.68 (ANHEMBI) 
P36-19 267.29 (P33-16) 54.73 (BRS 3046) 
P40-8 487.64 (PR 27D28) 37.49 (P33-16) 
Biggerdistance 688.29 (AG8088PRO2xP33-16) 
Minordistance 31.13 (BRS3046 x P33-11) 





In parentheses are represents genotype(s). 


The combination of cultivars AG 8088PRO2 x P33-16 
(Table 3) were considered the most divergent (D?= 
688.29), followed by PR 27D28 x P33-16 (D7= 614.82) 
and AG 1051 x AG 8088PRO2 (D?= 530.12). The shortest 
distances were between the combinations BRS 3046 x 
P33-11 (D? = 31.13), ANHEMBI x P29-M12 (D? = 32.68), 
P33-16 x P40-8 (D? = 37.49), M274 x BRS 3046 (D? = 
44.22). Combinationsthat result in longer distances may be 
an indication that cultivars may come from different 
germplasm banks[28, 11, 12, 19, 13 and 20]. 


Cluster analysis by the Tocher method separates the 
materials into different groups so that there is intragroup 
homogeneity and intergroup heterogeneity [29]. By this 
method, the cultivars were grouped into three groups 
(Table 4). 


ANHEMBI, AG 1051, P33-16, P33-11, P29-M12, P36-19, 
and P40-8), the second group by a genotype (PR 27D28), 
and the third group formed by a genotype (AG 
8088PRO2). This information confirms which genotypes 
are more divergent [18, 28, 11, 12, 19, 13, 20]. In this case, 
AG 8088PRO2 and PR 27D28, because they were the 
most divergent, constituted isolated groups. 


The mean intergroup distances, derived from the 
Tocher optimization method (Table 5), indicate which 
groups are the most divergent. Thus, the least divergent 
groups were II and HI (211.68) and the most divergent 
Groups I and HI (409.11). 


Table 5. Mean distances between groups formed by 
genetic divergence analysis in maize genotypes.3 











Group II Il 
Table 4. Grouping by the Tocher method, based on the 
dissimilarity expressed by the Generalized Mahalanobis I 356.78 409.11 
Distance.2 H 211.68 
Group Access 





I BRS 3046, M 274, ANHEMBI, AG 1051, P33-16, 
P33-11, P29-M12, P36-19 e P40-8 


H PR 27D28 
M AG8088PRO2 





The first large group separated by the Tocher method 
was composed of nine genotypes (BRS 3046, M 274, 
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Regarding the contribution of the characteristics to the 
study of genetic divergence (Table 6), the one that most 
contributed was the full plant mass (MTP) (53.74%), 
followed by the mass of stem and leaf (MCF) (31.09%). 
The lowest contributions were: stem diameter (CD) 
(1.31%) and plant height (PA) (1.65%). Thus, the 
characteristics of the DC and AP can be discarded from 
future evaluations, as they contribute little to discriminate 
the evaluated materials, and can then reduce time, labor, 
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and costs in the improvement programs [28, 11, 12, 19, 13 
and 20]. 


Table 6.The relative contribution of traits in the genetic 
dissimilarity of genotypes. 








Variable Value in% 
Plant height 1.65 
Spike height 4.44 
Stem diameter 1.31 
Ear diameter 3.65 
Stem mass and leaf 31.09 
Cob mass 4.12 
Full plant mass 53.74 





IV. CONCLUSION 


By estimating Mahalanobis distances, maize genotypes 
AG8088PRO2 X P33-16 showed a greater distance. 


The Tocher method was efficient in separating the 
groups. 


The characteristics of full plant mass and mass of stem 
and leaf were the ones that most contributed to genetic 
divergence. 
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